There is much interest in the opportunities for formal scientific investigations afforded by crowdsourcing and citizen sensing activities. However, one of the critical research issues relates to the 'quality' of the data collected in this way. This paper uses volunteer data on land cover collected under the Geo-Wiki system, where contributors label the land cover class at a series of locations, with expert labels at the same locations. It examines the statistical relationships between the accuracy of volunteer labels, their self assessed confidence in labelling, their 'experiential distance' to the location under consideration and the level of their domain expertise. The results show that distance has a minor effect on the reliability of land cover labelling, and that generally expertise has a greater effect, but not for all land cover classes.
Introduction
A number of ongoing research activities have a specific focus on crowd sourced data, so called volunteered geographical information (GOODCHILD 2007) . For example, under the EU-COST programme there are currently two actions considering these topics -'Mapping and the Citizen Sensor' 1 and ENERGIC 2 . One of the critical issues in the use of crowdsourced data relates to the quality and reliability of the information that is contributed by volunteers and members of the public, and a number of methods have been suggested for assessing this (BRUNSDON & COMBER 2012; COMBER et al. 2013 , FOODY & BOYD 2012 ).
This research explores and examines the relationships between the accuracy and reliability of the crowd sourced labelling of land cover, as well as the contributors' labelling confidence, their level of domain expertise, and their geographic distance to the location under consideration (experiential distance). It uses volunteer data captured through the Geo-Wiki Human Impact campaign 3 that incorporates a web-based interface using Google Earth (PERGER et al. 2012) , undertaken in the autumn of 2011. The aims of this research were to examine: 1) the statistical relationships between self-assessed measures of confidence, geographic, and experiential distance, with the quality and reliability of volunteered data; 2) how the relationships varied for different land cover types.
Methods
The Geo-Wiki Human Impact campaign asked users to indicate the land cover class at a series of randomly sampled locations. It had a number of interesting additional features. First, it captured a number of variables additional to the land cover label at each location including contributor confidence in their land cover label, scored as Sure, Quite sure, Less sure and Unsure. Second, as part of the registration process, volunteers were asked to answer some background questions and to include information about their experience, profession and expertise. The expertise and home country of each volunteer were inferred from this information. Third, the campaign randomly introduced 300 'control' points, locations at which the land cover had been agreed on by a panel of experts. The information recorded at the control locations is the subject of the analyses described below. In total the 297 control locations were scored 7,363 times by 65 volunteers, with each control point labelled on average 25.7 times, and each labelling 117.5 control locations. The locations of the control data and the volunteers are shown in Figure 1 . The locations of the 65 volunteers and the variations in expertise are shown in Table 1 .
Fig. 1:
The 297 control points with the size of the plot character in relation to the number of occasions it was labelled A series of regressions were undertaken to explore the relationships between the likelihood of volunteers to correctly identify the land cover class and the geographic distance to the location being considered, calculated using the great circle distance, the level of volunteer confidence and volunteer expertise. That, is
where P(y i = 1) is the probability that the land cover class at location i was correctly identified, b 0 is the intercept term, x 1 ... n are the variables describing volunteer distance, volunteer self-reported confidence in the land cover class label and their inferred expertise, which were sequentially included in the analysis.
These analyses were then extended to consider how the relationships vary for different land cover classes. 
Tab. 1: Location and expertise of the volunteers

Results
The results of the regressions, sequentially including additional terms, are summarised in Table 2 . These results suggest a number of statements based on the exponentials of the model coefficients:
1) The relative odds of volunteers correctly predicting the land cover label decrease by 2% for each additional 1000km between the users location and the site under consideration; 2) The relative odds of confident volunteers correctly predicting the land cover label are around 2.01 times greater than for those who are not confident; 3) The relative odds of being correct are 1.66 time greater for volunteers who are experts than for others non-experts. Table 3 shows how these relationships vary when each land cover class is considered individually, where the number of control points for that class was greater than 50. The models that consider each land cover class in turn suggest a number of modifications to the statements above:
1) The effect of 'experiential distance' does not vary considerably between classes, although the exponential so of the coefficient estimates suggest that for Shrub cover the relative odds of volunteers correctly predicting the land cover label decrease by 8% for each additional 1000km between the users location and the site under consideration; 2) The relative odds of confident volunteers correctly predicting the land cover label are 1.2 times greater than for those who are not confident for Tree cover, similar for Shrub cover, 1.4 times greater for Herbaceous vegetation / Grassland, 2.2 times greater for Cultivated and managed and 1.8 times greater for mosaic classes; 3) The relative odds of being correct are 1.3 times greater for volunteers who are experts than for others non-experts for Tree cover, 2.1 times greater for Shrub cover, 4.1 times greater for Cultivated and managed and 1.9 times greater for Mosaics. The exception is the class of Herbaceous vegetation / Grassland, where experts were less reliable than non-experts. 
Discussion
This paper extends the research described in See et al (2013) by considering the impact of distance between the volunteer's location and the location being analysed. It shows that distance has a minor effect on the reliability of the labelling performed by volunteers, and that expertise matters generally but not for all classes such as Shrub Cover. One of the key issues raised by this work relates to the use of 'experiential distance' and geographic distance. The assumption is that people have more experience of nearer places than of far away ones. This is patently not the case as people may regularly visit certain places on holiday. Future work will apply these confidences to the ~53,000 locations that were labeled by the volunteers in order to generate surfaces of reliability, and will consider other data collected as part of the Human Impact Geo-Wiki campaign including measures of human impact and measures of land abandonment, both parameterized with volunteer selfassessment of confidence. It will also consider the structure of mental maps and of volunteer cognitive experiences.
